Rats preferred to leverpress for sucrose solution rather than to take it free, but preferred free water over earned water. Adulteration of the sucrose solution with quinine produced a preference for free solution. Implications of these findings for a theory of the rat's preference for earned food weresdiscussed.
There have been several demonstrations of the fact that when a rat or pigeon is trained to respond for food, then offered a choice between responding for the food or taking it for free, the S will choose to earn a substantial portion of its intake (Jensen, 1963; Stolz & Lott, 1964; Neuringer, 1970; Carder & Berkowitz, 1970; Singh, 1970) . As yet, however, there has been no detailed and satisfactory account of why this should be the case.
The present series of experiments began with the following hypothesis : Leverpressing appears to be closely related to the rat's consummatory pattern for food. Rats manipulate their f'o o d , and they readily manipulate objects in their environment to get food , The leverpress may enable the rat to engage in a more complete, and therefore preferable, sequence of consummatory behavior than he would by merely eating free food.
EXPERIMENT 1 The above argument would imply that, since the consummatory pattern for water does not appear to involve manipulation, rats should not prefer earned water to free water. This was examined in a study in wh ich rats were trained to press for water' or 10% sucrose solutions (food) and tested in the leverpress situation with the reinforcing solution freely available. Subjects The Ss were 14 male Sprague-Dawley rats weighing 300-400 g at the beginning of the experiment. They were housed in individual cages throughout the experiments. Ss being deprived of food were fed about 12 g of food after each experimental session. Ss deprived of water were given 15 min of access to water in the horne cage after each experimental session. *This research was suppo rted b y a grant from the Facultv Senate of the Universitv of Califomia at Los Artgeles. The author wishes to thank Dennis Beringer, Ursula Schmoller, Bru ce Nabiloff, and Anthonv Dietrich, for assistance in carrv ing out th"e experiments. and Professor John Seward for his helpful cornrne nts on earlier versio ns of this manuscript.
Psychen. Sei., 1972, Vol. 26 (1) Apparatus All training and testing were carried out in two standard Gerbrands operant conditioning chambers, 9.5 xII. 5 x 7.5 in., mounted in sound-attenuating ice chests. Each chamber had a lever in the center of the front wall and a ü.I-cc dipper feeder in the lower right of the front wall. Each leverpress caused the dipper to refill with reinforcement solution. Free solutions were presented via a drink ing tube which protruded through a small hole in the lower left of the back wall. The tube was present only on test days, when free solution was present. Amount of solution earned in each session was calculated by multiplying the number of recorded presses by the size of the dipper. Free solution intake was measured by graduations of the vessel containing the free solution and was accurate to the nearest 0.5 ce. Procedure Eight rats were deprived of food on a 24·h schedule and trained for 6 days to press for 10% sucrose. (Only days on which more than 50 responses were recorded counted as training days.) Six rats were deprived of water on a 24-h schedule and trained for 6 days to press for water. All Ss were then tested for 2 days with the reinforcing solution freely available in the drinking tube.
Results and Discussion Since there was no consistent difference between the first and second test days, the data for the 2 days were combined. The eight sucrose Ss earned a me an of 83% of their total consumption in the test situation, while the six water Ss earned a mean of only 26% of their total intake. This highly reliable finding (t=6.19, df = 12, p < .001) strongly confirmed the prediction that the preference for earned incentive objects would be stronger with 10% sucrose than with water.
It rnight tentatively be concluded that the initial hypothesis was correct. The preference for earned 10% sucrose is due to the fact that, as a food substance, sucrose is more strongly reinforcing in the presence of Iood-related consummatory patterns such as lever manipulation than it is in their absence, Rats prefer to press and drink sucrose rather than to drink\ without pressing. Since the leverpress is not rclated to water consummatory patterns, it is just as reinforcing for the rat to drink as to press and drink.
An alternative hypothesis, however, was suggested by observation of the rats in this experiment. They were highly excited when working for 10% sucrose and pressed for it ata" very high rate. While working for water, they exhibited little or no excitement and pressed for it at a much lower rate. Perhaps the crucial difference between sucrose and water was not that the former engaged food-related consummatory behavior while the latter did not, but that the former was an incentive of higher quality than the latter.
EXPERIMENT 2 To test this hypothesis, the eight rats t h at had demonstrated a preference for earned sucrose in Experiment 1 were exposed to increasing concentrations of quinine in the sucrose, both earned and free. If the quality of the incentive was crucial, the rats' preferences for earned sucrose should decline with increasing concentrations of quinine in the sucrose.
Method The rats were maintained on the 24-h food-deprivation schedule. The sucrose solution was adulterated with 60 mg/liter of quinine sulphate, and the rats were given 3 days of leverpress training with the solution. They were then tested for 2 days in the presence of the free tube, which contained the same adulterated solution. Following this, the quinine concentration was doubled and the cycle repeated until a level of 960 mg/liter was reached. Finally the cycle was repeated again with pure 10% sucrose.
Results and Discussion Figure 1 presents the group mean percentage of total consumption that was eamed for the initial tests with 10% sucrose, for increasing levels of quinine adulteration up to 960 mg/liter, and for the final test with 10% sucrose. A decline in the preference for earned solution begins t o b ecome apparent at the 480 mg/liter adulteration level and is quite substantial at the 960 mg/liter level, at which all eight rats had reduced their preference for earned solution below their initial level for 10% sucrose (t = 5.11, df=7, p < .01). On the final test with 10% sucrose, six of the eight rats increased the percentage of total consumption that they earned from their level for 960 mg/liter adulterated sucrose (t = 2.29, df = 7, p< .10). presence of free food because the abundant reinforcement produces b e havioral energy that must be discharged. Leverpressing is one way to discharge the energy without reducing the amount of reinforcement obtained. Quinine-adulterated sucrose and plain water may be reinforcers of such low quality that they generate little energy and therefore produce little pressing in the presence of free food. That water is a less potent reinforcer for thirsty rats than is food for hungry rats is supported by the finding of Fallon et al (1965) that, with equal deprivation times and equal reinforcement weights, rats pressed twice as rapidly for food as for water. Thus, the difference between food and water in the present experiments may be a difference in quality (and therefore in energy production) and not a difference in the relationship of the two reinforcers to manipulative behavior. Cornparative & Pbvsiological Psvchology, 1966,71. 634-641. potentiate such manipulative behavior.
The overwhelming effect of quinine adulteration on the preference for earned sucrose, however, suggests an alternative that should be considered. Modern reinforcement theories emphasize the energy-producing effects of reinforcement (Sheffield, 1967; Miller, 1963) . In line with these notions, Williams (1966) has demonstrated that reinforcers of high quality generate more behavioral energy than do reinforcers of lower quality, even when there is no contingency between behavioral energy and reinforcement. Rats were required to run in a wheel for a fixed amount of time for each reinforcement. Rats ran faster for 20% sucrose than for 2% sucrose, even though there was no advantage in running faster. Perhaps a similar state of affairs prevails in the free-food situation. Rats press for food in the Sur pr insingly, even though total consumption of 960 mg/liter adulterated sucrose was about 40% of the total consumption of pure 10% sucrose, the rats drank a mean of 5.7 ce of free adulterated sucrose and only 3,8 ce of pure sucrose. Five of the eight rats drank more of the free adulterated sucrose than they did of the free pure sucrose. Quinine adulteration reduced the rate of responding for the reinforcer in the training sessions and reduced the percentage of the reinforcer that was eamed in the test sessions. This finding is not necessarily incompatible with the initial hypothesis that only food reinforcement should potentiate manipulative behavior such as leverpressing in the test situation. It should be noted, however, that reducing the quality of the reinforcer by adulterating it with quinine reduces the ability of the reinforcer to
